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Director's
comments
To now we haven't been telling
the whole story; we must change
our definition of "agriculture"

Our pride· in American agriculture is well
justified. In no other country does one farmer feed
56, or 61, or even more people. We can be proud of
our incredible agricultural efficiency.
But our pride has boxed us into a corner. Only 4 %
of our American society produces all the food we
consume. That's true. But it doesn't tell the whole
story.
We have made the mistake of defining agriculture
too narrowly. We have neglected the people who are
employed by canning companies, packing plants,
wholesale distributors, and hometown groceries.
We have not included chemical companies, farm
machinery manufacturers, and the local implement
and seed dealers.
·
They are all a part of agribusiness-the nation's
leading industry and its leading employer. That is
the story we should be telling; they are the people we
at the Experiment Statio:n serve.
The mission of the Experiment Station which we
are obligated to fulfill is "to enhance the quality of
life through the beneficial use and development of
economic, human, and natural resources." That mission doesn't restrict our program to 4%, or even
40% of the population.
I have repeatedly said that, within that mission,
our job is to conduct the kind of research program
the majority of the people in South Dakota want. Our
specific research projects, which are always
reviewed annually and sometimes oftener, fit into 12
general goals, which are also reviewed and updated
periodically.
2

We allocate about 70% of our resources to crop
and livestock production and marketing research,
and about 10-15% to the critical areas of water a n .
energy research. This leaves a very limited amoun
for other areas such as natural resources, human
nutrition and family living, population studies, and
small farmer res~arch.
Nevertheless, we are being told that we have
drifted too far from serving production agriculture,
from those goals that specifically relate to the pro- · '
duction of food and fiber. Since this is the apparent
desire of South Dakotans, we are reducing programs
in non-production agriculture immediately and
perhaps will cut even more in the future. I am concerned that you understand, however, that
agriculture is more than production.
The definition of "agriculture" is not broad
enough. The true image of agriculture is not only the
man on the tractor. It also includes the 4 out of 10
non-farm workers, nationally, who are involved in
the food and fiber chain.
A broader definition of agriculture would have
positive effects for all of us. The ag block in
Washington would not be eroding. Legislators from
metropolitan areas would be paying more attention
to agricultural legislation because part of the
agribusiness team lives in their districts, too. All of
us _who live in rural America would be the
beneficiaries of this change in concept.

I believe that further reduction of an alrearlJiia
limited amount of research in ''non-productio~ - . ,
agriculture does not broaden the definition or he!£
rural America. I welcome your comments on this.D

blackish particles pouring into the cattle
water trough. Others find black or brown
streaks when they hose down the side of the
house or rinse off the sidewalk.
While these signs are nuisances, the
problem eventually can result in costly
shutdown while the system is flushed-or an
attempt made at flushing. Sometimes there's
nothing to do but dig up and replace pipes.
Gehrke says that, next to iron, manganese
is the most abundant of the heavy metals in
the earth's crust. And some areas of South
Dakota have more than an average share.
He says that South Dakota water often
tests much higher than standard
recommended amounts, but this has not been
considered a health hazard.
Once a pipe starts to clog with iron
or manganese, buildup won't reverse

" . ·5 or more, iron
·~;fflay shut down
.,·

,,:f'

~·'\~!-Jpply.
" ·aren't Immune
Plastic water pipes can clog from
manganese and iron buildup just as iron and
copper pipes can. .
"Many people I've worked with have been
surprised when they find this problem in
their plastic waterlines," says Henry Gehrke,
chemist at SDSU who has worked with
manganese deposit problems with farmers,
well drillers, and others throughout the state.
''When considering the actual pipe, plastic
pipes don't corrode as copper and iron pipes
do," Gehrke explains. "But manganese and
iron can cling to the walls of all of these
pipes and cause plenty of problems."
Gehrke has one piece of plastic pipe
through which water slowed to a trickle from
manganese buildup in only 2 years after it
was installed.
That's the most extreme sample he's
collected, however. Usually it.takes a little
longer, and some systems have had
manganese containing water flowing through
them for up to 15 years before the low water
pressure resulting from buildup became a
handicap.
. Most people recognize manganese problems
first with brownish laundry or brownish or

''Working with manganese and iron
encrusted pipes has been both frustrating
and fascinating," according to the chemist.
''The most frustrating part is getting to the
problem.''
Puzzling to the scientist are some
unanswered questions about what's
happening _c hemically when a pipe clogs.
Here's where the real detective work begins .
He's after a cause for the manganese
deposits, especially in feedlot lines, and he's
also after a method to clean these buried
waterlines containing the deposits.
How does the manganese problem get
started? No one knows that answer for
certain. But Gehrke finds that once it does
start, buildup seems persistent. He and other
scientists believe that in some cases the
buildup can be strictly chemical interaction.
In others microorganisms from the water
seem to be the culprits behind the problem.
Gehrke has located waterlines containing
manganese dioxide deposits in Pierre, Mound
City, Elk Point, Colman, Hartford, Redfield,
Watertown, Brookings, and a few other
places around the state.
He says he has found the largest number of
deposits in plastic pipe, but adds that his
sampling has not been extensive enough to
blame plastic pipe more than any other kind.
He suspects he probably was pointed to the
plastic pipes more frequently because many
farmers believed they would not have the
bothersome buildup.
Snakes, pigs, and chemicals may help,
there's no easy way to prevent buildup

The chemist says there are several :ways to
clean deposits from waterlines. Chemicals
3

Henry Gehrke says that there Is just no cheap or convenient
way for farmers to clear up manganese deposits. But if
you 're in the market for a new pump, consider a submersible
one. It helps because less manganese comes In contact with
oxygen.

work for some problems and not at all in
other cases.
Gehrke favors non-chemical ways of
cleaning whenever possible.
·
For example, in some towns a "pig" is run
through the water system. This pig doesn't
squeal; in Gehrke's work, the pig looks
something like a plastic bullet and is forced
through lines at high pressure. But while pigs

help avoid the need for chemicals, Gehrke
points out that they could become caught at
times in narrow areas. ·
Then there are "snakes," various kinds of •
coiled steel or cable. Augered through some
·
lines, they clean well. They do not work with
plastic pipe, because plastic pipe can bend
and dip with the terrain and can be
punctured with these devices.
One of the most obvious solutions is to
remove the manga~ese from the water before
it goes through the lines. Gehrke says this
process is possible but expensive, especially
for individual farmers.
"In other words, at this time we don't have
a good way for farmers to take care of this
problem either inexpensively or
conveniently," according to Gehrke.
However, for someone with iron and
manganese waterline problems and who's in
the market for a new pump, a submersible
pump would be a good option to consider. The
chemist says that with these pumps there is
less possibility for manganese to come in
contact with oxygen which helps form the
solid manganese that clings to pipes.
Gehrke's work with the pipes so far has
focused mainly on the manganese part of the
problem. But he hopes some day to acquire
research funds to incorporate more into his
study about iron deposits, which he claims is
as great or more of a problem as manganese •
1
in South Dakota. In addition, the waterline
~
problems with the two metals are closely
associated.

Got a clogged pipe? This man wants
to see it and talk to you about it

He encourages readers, especially those
with a sample of encrusted pipe, to write to
him. If a sample of pipe is not available, he's
interested in seeing some of the solids that
come out ·of the pipes and all possible details
about the problem. He wants to know if the
lines are used for livestock, if the problem
involved also occurs for household water, the
history of the pipes, and any details about the
water. His address is 119 Shepard Hall,
South Dakota State University, Brookings, SD
57007.

Copper and Iron pipes corrode and manganese catches on
the surfaces. Plastic remains Inert, but manganese and Iron
still collect and may force a shutdown. Problem can be acute
In some parts of the state where metals are abundant.
4

Manganese and iron buildup in waterlines
seems to be a problem many people can
tolerate until water stops coming from the
spigot. Gehrke-and those who have
experienced the hassle of digging up pipeswould like to see a preventive found to keep
the problem from starting in the first place. D ·.x
fi

The writer is Jacqueline Ullery, assistant information
specialist, Ag Information Office.

Okay, so you want to make your older home
or farm building more energy efficient. You
do all the usual things: weatherstripping,
caulking, storm windows, and furnace filters.
You even add insulation in the attic.
Then your attention turns to thew.alls. How
much insulation is in there, anyway? Has it
settled? Should you add more?
How can you know for sure without tearing
holes in the plaster or sheet rock?
Now, thanks to the efforts of two
a gricultural engineers, there's a way to find
out.
Les Christianson of SDSU and his
colleague, Bob George of the University of
Missouri, knew of power company requests
fo r a low cost, portable, and easy-to-use
device for measuring heat-passage resistance
(R-valu e) of residential walls. And they had
an idea.
Power company officials had indicated that
a device of this kind would be invaluable in
helping their customers analyze the cause for
unusually high heating bills. Farmers also
could benefit-especially those having warm
confinement livestock buildings, heated shops,
and other buildings which have conditioned
space and coverings over the wall framing
which would be damaged if removed.
The challenge to Christianson and his
coworker was considerable: a device was
needed which not only met these
specifications, but also cost under $200 to
produce. It was a tall order.

Thermography was too expensive;
they came up with cheaper idea

The engineers considered that there are
two fundamental approaches to measuring
R-value.
One is by thermography, the use of
infrared scanning. The entire exterior
surface of the residence is scanned for longwave radiation emitted from the surfaces.
Where excessive energy is detected, heat is
being lost, and the homeowner is given a good
indication of insulation gaps, leaky windows,
or any other areas of relatively high heat
loss. Exterior wall temperatures are highest
where there is least insulation, Christianson
points out.
Still, this technique doesn't actually
evaluate the R-value for a given location;
instead, it merely measures which portion of
the surface loses heat most rapidly. Other
limitations to thermography are that the
instruments capable of distinguishing
between near and far infrared emissions are
very expensive, and results must be corrected
for accurate relative measurements under
certain circumstances.
The other approach appeared more
promising.
The procedure used by Christianson and
his colleague was to place a special sensor
against a wall, measure the temperature drop
across the sensor and the inside and outside
wall temperatures, then combine these values
5

in heat-transfer equations to estimate the
R-value.
While the accuracy of this method also has
some limitations, the two researchers went
ahead with a patent search and did not find
any other field-type instruments patented for
testing R-value for specified insulation
materials at varying thicknesses.

•

When they finished,. everything
fit into a book sized case

The new device, as they envisioned it,
would consist of five parts or components: a
sensor, something to measure the
temperature differences across the sensor, a
digital readout de'vice to display the results, a
power supply and a suitable container.
The sensor would have to be thin, of
uniform thickness, and with known thermal
resistance. A diode or series of diodes would
be needed for each side, and the sens9r
material should be inexpensive, non-abrasive,
and not change shape with moderate
temperature changes. It should also conform
to the wall surface.
For the prototype of the sensor, the
developers used masonite and polystyrene
bonded to steel. Diodes were matched so the
electrical resistance curve of each would be
the same.
Next, a diode bridge, voltage regulators,
and switching mechanisms were mounted on
a circuit board. This was designed to
measure the temperature of the diode placed
against the wall. The engineers plotted the
characteristics of the two diodes and used
this information to design the bridge circuitry
and calculate the relationship between the
voltage outputs and the temperatures.
The third step was to select the digital
readout device. They chose liquid crystal
because of its small power requirements, and
because it is more visible in very bright or
dim light.
A couple of nine-volt batteries were
selected to power the diode bridge and the
digital display because they are commercially
available, low in cost, and long-lived.
Finally, they mounted the components
inside a small, ·4 by 7 by 11-inch case. The
insulation sensor also fits into the case for
convenience and protection.
Prototype works in tests,
is ready for production

Using the completed device begins with
propping the sensor against a wall and
allowing it to reach thermal equilibrium,
meaning that the temperature difference
6

Tests have shown the sensor, designed by Les Christianson
and a colleague from Missouri, lives up to their standards.
It's portable, cheap, simple, and best of all , it accurately
measures resistance of walls to heat movement.

between the sensor and the wall is stabilized.
Once equilibrium is reached, the device
reads out the temperature difference across
the sensor and the temperature between the
sensor and the wall. The operator must also
measure the temperature of the outside wall.
With the flip of a switch, the temperature
difference across the sensor is read directly
from the digital display. A simple slide-rule
•
', ·
device then enters outside temperature into
the equation, and the result is the R-value.
Christianson explains that the entire
calculation is based on conservation of
energy, the first law of thermodynamics.
The device works best when temperatures
within the building are fairly uniform and
when the difference between inside and
outside temperatures is at least 15 degrees,
Christianson says. Generally, the greater the
difference, the greater the accuracy, and this
indicates that measurement on cold days will
produce the best results.
Christianson found that when building
temperatures are not very uniform, a small
fan directed at the sensor improves the
accuracy of the instrument. And when inside
and outside temperatures are nearly equal, a
small electric heater directed at one wall
establishes a temperature gradient through
the wall. The sensor is then placed against
the wall where this gradient has been
imposed.
Christianson says the device remains in
prototype form for the present. However, it
could become available to the public if a
manufacturer became interested in producing
D ~
it.
The writer is Larry Tennyson, information specialist, Ag
Information Office.

No
overnight
answers
Nowhere is scrutiny of every detail
more urgent than in foods research.
There's no shortcut to good health

What happens to sugars, starches, fats,
minerals, and vitamins after we eat them?
You say you don't care?
Nutrition researchers at SDSU care.
~ Medical and health professionals car·e. And
obviously the government cares, as witnessed
by federal regulations governing food product
advertising and the development of goals for
"healthy diets" by some congressional
committees.
SDSU nutritionists Louise Guild, profess.o r
emeritus, and Dr. Wayne Johnson, associate
professor, have been concerned about how
diet is related to heart disease.
They know that heart disease is influenced
by genetic, environmental, and dietary

factors. So they designed a project to test
some of the possibilities.
Diet is the food you eat, whatever kind or
quantity. Nutrition is the use your body
makes of that food.
"Metabolism" covers the processes which
convert nutrients (proteins, carbohydrates,
fats, vitamins, and minerals) into body tissues
or energy. Metabolism takes place in
thousands of interrelated steps, all of which
are chemical reactions, in all parts of the
body.
To make things more complicated, the body
doesn't use just one nutrient at a time. In
fact, the principal function of vitamins and
minerals is to assist the body in utilization of
the other nutrients. Neither is only one result
produced at a time; renewal of body tissues
and release of energy occur constantly.
Nutritionists are dealing with the human
body-that wonderfully complex, sometimes
nearly magical assortment of chemical and
physical reactions and interactions. It's
nearly impossible to sort out the interlocking
happenings and isolate one event from all the
others.
Yet that is the way good research is
done-one step at a time, solidly documented
and challenged for possible errors, before
another step is taken.
So the job facing nutritionists like Guild
and Johnson is enormous.
"The problem with this kind of approach is
that the experiments must evaluate each
change in diet separately," Guild explains . .
"If several dietary changes were made at the
same time, it. would be impossible to say what
caused the observed differences in results."
This means that a series. of diets must be
planned and fed, each differing from another
in only one factor. At the same time, the
researcher must recognize that some of the
nutrients may act together in producing an
effect and must make provisions to identify
such interactions.
For the best of reasons, foods experts
can't always be chefs. Rats don't mind

In the SDSU experiments over the past
several years, male white rats have been
used as laboratory test animals. When they
find out what's involved in nutrition research,
people are noticeably reluctant to participate,
says Guild.
"To be a human subject in this type of
nutrition study, you'd have to live on one
specific diet (nothing else!) every day for at
least a month, and then try out every other
diet in the series in succeeding periods of
time.
·
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past 80-100 years, there have been increases
in the proportion of dietary calories derived
from fats. This is partially because we've
been ea ting less of cereals and some
·•
vegetables.
As expected, Jat metabolism is tied to
bewildering variety of dietary factors
The SDSU researchers were concerned
about the effects of diet on cholesterol and
triglycerides which, consumers are told, may
be important in the development of
atherosclerosis (or hardening of the arteries)
and heart disease.
They were also interested in how the
chemical element phosphorus is involved in
regulation of carbohydrate metabolism, and
whether dietary phosphorus would affect the
kinds and amounts of phospholipid the
animals would make. This hasn't been
extensively studied.*
Is sufficient phosphorus available in our
normal diet to meet the demand imposed
when large amounts of sugar are eaten?

Blood and tissue samples from the test rats are prepared by
Wayne Johnson, nutritionist. The read-out of the sample
from the machine on the table may reveal a link between diet
and heart disease.

"You would have to contribute blood and
other tissue samples regularly for analysis,
too. Would you be willing to give a sample of
your liver for analysis?
"Most metabolism occurs in cells within
the tissues. Researchers just can't be content
with only blood samples and waste products
if they are to truly understand the processes
of metabolism.''
So there's the reason, along with other
practical, economic, and ethical
considerations, that many nutrition studies
use animals. While all species are different,
the similarities of metabolic pathways in
mammals, particularly rats and humans, far
outweigh the differences.
How does a nutritionist decide which
factors or variables to study? First, he has to
look at what's been done by others. He must
also consider the extent of the problem in
terms of human health.
Some nutritionists and other health
professionals have been telling the American
consumer that the kind of fat he eats is all
important, for example; others have been
concerned about consumption of sugar.
While the total amounts of sugars and fa ts
consumed have changed very little during the
8

*Lipid is an inclusive term that refers to fats and fat-like
or fat-soluble substances. Common dietary lipids can be
divided into three classes: 1) true fats or triglycerides, 2)
cholesterol, and 3) phospholipids, having a triglyceridelike structure with a phosphorus attachment.

Teresa Cate, home economics senior from Spencer, IA, Is the . '1illl\,
"rat keeper" for the nutrition studies. Rats have metabolisms!.,...~j
close enough to humans to be used in dietary studies, and
""
they object less to the foods offered them.

•

a!i
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The SDSU researchers thought perhaps an
insufficient intake of phosphorus would cause
body cells to increase 'production of
cholesterol and other fats when a diet high in
sugar or other carbohydrate is eaten.
Altogether, 16 different diets were
constructed, each different with respect to
type and amount of fat, carbohydrate, and
phosphorus. Other necessary nutrients were
provided in constant amounts, and total
calorie intake was maintained at a constant
' level.
The dietary factors studied were
cornstarch (similar to the starches found in
many vegetable foods), sucrose (table sugar),
corn oil (an oil high in polyunsaturated fats),
butter fat (which is mostly saturated fat), and
phosphorus.
Thes.e diet components were fed to 29
different groups of rats in various
combinations and for varying lengths of time.
In one series, a third of the carbohydrate
usually fed was replaced with lactose (milk
sugar).
The experiments showed that all of the
tested dietary variables influenced fat
metabolism.
Some effects were more obvious than
others. For example, when all the animals fed
cornstarch diets were compared ·ttJ those fed
sucrose, it was found that the sugar diets
ca u~ed insignificant increases in total liver
fats and phospholipid.
In overall comparisons of corn oil and
butter oil, butter appeared to increase serum
cholesterol slightly more than did corn oil.
Total blood fat levels, however, were higher
with corn oil diets.
Including lactose as part of the
carbohydrate tended to reduce the amounts
of liver lipids produced, except for
triglyceride, which increased. Serum
triglyceride and phospholipids were also
slightly elevated with lactose feeding.
In almost all these groups, however, those
that received the sucrose-lactose (high sugar)
diets had higher tissue and blood vessel
levels of fat than those which were given the
starch-lactose combination.

There's still nothing better than
diet picked from the "basic four,"

How does this translate into everyday
language that will help us improve our diets
and our health?
There's no instant answer.
We must not expect one single research
study to answer all our questions. Rather, it
is the accumulation of information from many .

I
Since they obviously don't want rats running around the lab,
Louise Guild, professor emeritus , will weigh th is animal, fed
a special diet, In a closed container. This study alone had 16
different diets and 29 groups of rats .

such studies which can lead to diet
recommendations.
The findings of Guild and Johnson are of
greatest importance to other nutritionists and
to medical scientists. Their research will fill
in the total picture of how sugar, fat, and
other nutrients in our diets affect the heart
disease "risk factors" cholesterol and other
blood fats.
But we benefit in the meantime.
Seeing how carefully scientists Guild and
Johnson unravel the complicated events
which affect our health and longevity. we can
trust them and other nutrition scientists when
they tell us what they've found.
It is clear that we need to be concerned
about total calorie intake, and that we must
balance ·our diets to a void the pro bl ems that
may occur if we obtain too many of our daily
calories from sugar or fat. The best diet is
still the one which contains a wide variety of
foods chosen from the four major food
[]
groups.
The writer is Deanna Boone, family living editor in the Ag
Information Office.
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It has been nearly two years now since an
alcohol demonstration plant patterned after
the one being used at SDSU was built and
modeled near the steps of the nation's
capitol.
Today the plant at SDSU is begining to look
more and more like a research facility.
What's the difference?
The only requirement of the demonstration
unit was that it be capable of making alcohol.
Little thought was given to the cost of making
the alcohol. The idea of being able to make
your own alcohol fuel was enough to get a lot
of people interested.
But the bottom line for sustaining interest
is "Will it make anybody any money?" or
"Can we even make alcohol and break
even?''
Another key question: ''Do you get more
energy back than you invest in the process?"

Even while kinks were worked out,
scientists shortened fermentation

Unfortunately there has been little work
done by agricultural experiment stations or
other public supported groups on the subject
of alcohol fuels. Few small alcohol plants
have yet been built; of those that have been
built, only a handful includiag the plant at
SDSU are actually operating with any
consistency, according to Dr. Tom Dobbs,
Extension economist at SDSU.
There· has been little or no opportunity to
analyze input costs and output from such
plants. Estimates on the economics of alcohol
fuel production are based largely on what
information large-scale commercial
distilleries have been willing to share with
the public, and those figures may not apply to
small plants.
So researchers are really starting from
scratch.
In order to find answers to the economic
questions the plant had to be modified and
outfitted with various types of gadgets that
can tell the researchers exactly what goes
in-including energy-and how that
compares with the value of the products that
come out.
That's much easier said than done, but
researchers at SDSU are making progress.
'· First you plan the best you know how and
then you go from there," says Paul Whalen, a
graduate assistant ~n the alcohol fuels team.
The first challenge was to keep the plant
operating on a consistent basis.
There were modifications that had to be
made in the fermentation tanks.
10

Then they discovered prob.lems with the
-~
hydraulic system and pumps. Those have now
been worked out.·
At first breakdowns were frequent. "A. lot
of times we worked night and day," says
Whalen. '' And of course we were under
pre.ssure becaus!3 people who came to see the
plant expected to see it in working order."
Then there was a problem with fire
regulations. In the rush to get a plant
assembled and operating, little thought was
given to fire regulations in the concrete
building. But a number of significant
modifications had to be made to bring the
facility and plant equipment into compliance
with regulations for a state owned building.
But gradually the kinks have been worked
out.
While improvements have been made in the
plant and meters were being installed,
different things have also been tried to
improve the fermentation process of corn.
In fact, fermentation time-which was
nearly 48 hr when the plant began-has been
reduced to 36 hr.
Although a variety of crops can be used to
make alcohol it was decided to utilize corn
because it was the most readily available
commodity and a dependable supply will
continue to be available as procedures and
techniques are standardized.

•

•

Sure, it's lousy mileage; but this fuel
is low grade alcohol, not yet gasohol
Making alcohol is one thing.
Equipping the plant to measure the energy
input is quite another matter and required
the help and guidance of mechanical
engineers. Last fall the alcohol fuels research
team was expanded to include Dr. John
Felderman and Dr. Clayton Knofczyinski from
the College of Engineering; Dobbs from the
Department of Economics, Dr. Tom Chisholm
of the Agricultural Engineering Department,
a_nd Dr. Howard Voelker of Dairy Science.
The mechanical engineers began at once to
determine what the plant would need in the
way of devices to measure steam. Special
gauges were ordered.
The gauges arrived in early December,
were installed, found to be faulty, and had to
be shipped back to the factory. They were
finally returned in February and are again in
place on the alcohol plant. Anyone who has
ordered parts and compon.ents for any type of
equipment can appreciate the amount of
waiting involved.

Over in agricultural e.ngineering, Chisholm
set out to secure a pickup truck on which
he 'd modify the engine to burn the alcohol
product being turned out at the
demonstration plant. He needed performance

data on this fuel, which has not had the
further refining needed to make it suited for
gasohol grade.
Carburetor jets were enlarged and timing
was advanced. The pickup was rigged so it
would start on gasoline and could be
switched to alcohol as soon as it warmed up.
It ran-but not well-during warmer
weather, but other problems began to develop
as temperatures dropped. Chisholm has
worked on modifications that draw intake air
past the exhaust manifold to warm air up
before it enters the engine to help vaporize
the alcohol.
The changes worked, and the pickup now
runs about as well as it did in warm weather.
So far, in runs of 40 miles the pickup .
averaged about 8.25 mpg on the 186 proof
alcohol. This compares with 13.25 mpg when
it ran on gasoline.
There is a considerable difference among
fuels that must be taken into account when
switching from one to another. For example,
it is known that gasoline begins to vaporize
around 85 degrees and becomes totally
vaporized at -400 degrees. Fuel alcohol which
contains some water will vaporize at about
173 degrees, while diesel fuel requires 350 to
650 degree temperatures to vaporize
properly.
There is considerable information out about
the possibility of using the 100 proof alcohol
in diesel engines. So far that has not been
tried at SDSU. One manufacturer in Illinois
claims to have a conversion unit that could be
used on turbocharged diesels. Demonstration
units may be available this spring.
The Ag Engineering Department is looking
for a turbocharged diesel of 100 horsepower
or more to use on an experimental basis.
Since the department does not own such a
piece of equipment, one will probably have to
be purchased. The engineers think they have
one located.
The bottom line: Is there any money
in It? We aren't waiting for answers

The questions concerning the economics of
alcohol fuel production await at least
preliminary answers to all of the other areas
being researched. As each aspect of alcohol
production is analyzed for cost the
researchers will make changes to see if they
can improve on previous performance.
With the amount of interest being shown,
you can be sure economists will be assessing
even the preliminary data in an attempt to
answer some of the pressing economic
D
questions.
The writer is John Pates, agricultural editor, Ag
Information Office.
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Resistance to the Hessian fly, a mosquito
like insect which lays eggs on the wheat and
whose larvae ruin the ctop, can be bred into
spring wheat as it has been into winter
wheat.
In the winter wheat belt of South Dakota,
farmers use partially resistant varieties of
winter wheat and have no known trouble
with the Hessian fly. However, South Dakota
adapted spring wh~at varieties do not have
Hessian fly resistance. The insect hadn't
bothered spring wheat in South Dakota
before; consequently no attempt had been
made to breed fly resistance into varieties
which are grown here.
The crisis in 1978 sent SDSU's wheat
breeders into action.· They embarked on a
program to breed a variety of spring wheat
that would be unharmed by the larvae of the
Hessian fly.

All-out screening effort involves
rues in Kansas, fields in Mexico

Researchers at SDSU are making good
progress in developing spring wheat varieties
which will be resistant to the Hessian fly.
They expect to have a resistant variety of .
spring wheat in the hands of farmers by 1983
or 1984 if all things go well, according to Don
Keim, spring wheat breeder.
The Hessian fly did an estimated $30
million in damage to South Dakota's spring
wheat crop in 1978, where before it had not
been recognized as a problem.
12

Keim searched the available spring wheat
germ plasm and learned that there weren't
any resistant varieties. He confirmed this by
sending varieties to Kansas State University
which has laboratories to grow the Hessian
fly on wheat.
So SDSU researchers looked to their
breeding nursery for populations which had
been crossed with winter wheat varieties for
other reasons.
They found several crosses of spring wheat
with resistant winter wheat varieties Vona,
Linden, and Co 701733. Keim and -s taff
selected from these populations and sent
them to KSU for screening for Hessian fly
resistance.
Dr. Jim Hatchett, USDA entomologist at
KSU, screened 14,000 spring wheat plants in
the fall of 1978 by growing them in flats and
putting the fly on them. The flies laid their
eggs, the eggs hatched and infested the plants
with larvae. The plants that survived were
considered resistant. The others were
discarded.
KSU found 1,050 plants that were resistant.
They were brought back to SDSU and
transplanted into the greenhouse.
Keim and crew grew them in the
greenhouse, harvested the seed, and planted
them in the field in 1979. Each head produced
.seed for a row of 20 to 50 plants. Of these
1,050 rows Keim selected 30 rows as pure
lines.
Seed from the 30 pure lines was sent to
Mexico for increasing during the winter.
Extra seed of the same 30 lines was also sent
back to KSU and screened a second time for
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A Hessian-resistant variety still must be acceptable to
farmers In other respects. In one of many tests, Don Kelm

Hessian fly resistance. Of those 30 lines, nine
were considered homozygous (identical in
hereditary characteristics) and will be
considered for varieties.

"

In 1980, SDSU will take the seed produced
in Mexico from these nine lines and yield test
them during the summer. The yield testing
will take place around the state and
particularly in those counties like Brown and
Day which have had severe problems with
the Hessian fly.
At the same time that the wheat breeders
are pushing on toward a new resistant
variety, they will cross some more varieties of
spring and winter wheat, looking for stronger
sources of resistance. This germ plasm will
go through the same detailed process of
becoming a resistant variety and will become
available in later years.
The time of breeding a resistant variety is
cut substantially by using the winters to
increase the seed in Mexico. Keim sends the
wheat to the International Maize and Wheat
Improvement Center (CIMMYT) at Ciudad
Obregon, Sonora, Mexico. The Mexico
' nurseries used by U.S. breeders are
sponsored by the USDA and the Crop Quality
Council in Minneapolis. A release in the
spring of 1983 will be less t:ban 5 years from
the time the original cross was made.
About 13 professionals and perhaps 15
laborers are involved in the process of
producing a new resistant variety of wheat.
On the SDSU staff are Dr. Keim, Dr. George
Buchenau, plant pathologist; Dr. David
Walgenbach, survey entomologist; Kathy

and Debra Steiger are checking a sample of spring wheat for
Its bread making qualities.

Sellers, ag research technician; and Debra
Steiger and Greg Hess, assistants in plant
science.
Also involved are Dr. J.H. Hatchett, USDA
research~r on the Hessian fly at KSU, staff
with the Crop Quality Council, and staff with
the Wheat Quality Lab at North Dakota State
University.
Hessian will stay at damaging levels;
resistant variety is our best weapon
Much of the funding for the project comes
from the South Dakota Wheat Commission.
The Wheat Commission initially funded the
project for $13,300, and then more recently
has agreed to continue the grant for 3 more
years. Keim and crew also are getting a
USDA specific cooperative agreement for 3
years in the amount of $21,000.
Keim believes the Hessian fly will be
around for years to come. Reduced tillage
will provide wheat straw on the ground
surface in which the Hessian can overwinter.
The tendency will be for the fly to remain at
low but damaging levels, he believes.
But he also believes that breeding a
resistant variety is the way to fight the
insect. If SDSU can produce a resistant
variety which also has the qualities of good
yield, rust resistance, and good quality for
bread flour, the insect will not be a threat to
farmers who use that variety.
D
The writer is Jerry Leslie, information specialist, Ag
Information Office.
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Analytic
Protecting health of
animals is task of S

checks weiners

How much protein will I need to add to this
corn silage when I feed it to 800-lb steers?
Are there enough nitrates in this feed to
actually kill an animal?
How much non-meat protein has been
added to this batch of polish sausage?
How much water is there in this pound of
franks?
These four questions have one thing in
common-a team of biochemists at SDSU who
can provide the answers.
Called '' Analytical Services,'' this team is
in the Station Biochemistry Section of the
Chemistry Department at SDSU. The section
is housed in the Animal Science Building and
is headed by Nancy Thiex (pronounced
"takes").
Their task is sometimes tedious and often
time consuming, but the team members often .
solve significant problems. Sometimes they
look for the cause of livestock losses. They
have uncovered pesticide residue problems in
birds and animals; by the same token, they
have shown no pesticide residue problems
when some were suspected.
14

Livestock feed analyses are key to
balanced rations and higher profits

Many livestock producers who grow their
own feed materials depend on the biochemistry staff to help them decide how much
feed to include in a particular ration and
whether or not a supplement is needed.
Thiex says between 6,000 and 9,000 tests
are run per year by the staff of two
scientists, two assistants, and two laboratory
technicians. Between a third and a half of
these tests are performed for farmers and
ranchers who want livestock feed analyzed.
Livestock growers gladly pay the fees
involved (which range from $2 to $12
depending on what kind of information is
desired) because the information they get
back can often save them hundreds of dollars
. on feed bills.
For example, it costs $11 to do a
"proximate" test on a silage sample. Within 5
working days after the sample is received by ' .
the laboratory the feeder will usually have a
read-out of the following information: how
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much moisture is present in the sample, the
ash content, ether extract, crude fiber and
crude protein, and how much nitrogen free
extract it contains.
"Moisture content is especially important
for high moisture feeds such as silage," says
the biochemist. "For example, a ton of feed
containing 60% moisture may contain twice
as many nutrients as a ton containing 80%
moisture.''
Crude protein varies widely. It is one of the
most important constituents because it
determines actual feeding value.
Crude fiber content is an important
ingredient of the forage ration. Fiber is
necessary but less digestible and therefore
less nutritious.
Ash is determined by actually burning the
sample. Such a test may indicate if there is a
large amount of dirt present in the feed or if
unusual levels of minerals are present.
Nitrogen free extract is composed of
starches and sugars and measures the energy
value of the feed. Grain is the primary source
of this ingredient.
Armed with the above information and the
knowledge of minimum daily requirements,
which can be obtained from standardized
charts, the feeder can tell what he needs in
the way of a supplement for the size and
weight of livestock being fed.
Without such information the feeder may
be purchasing more protein than he really
needs or he may be feeding a ration that does
not meet minimum daily requirements. Both
extremes can result in losses in the high risk
cattle feeding business.

Presence of many poisons can also
be determined by the biochemists

•

During drought periods the SDSU lab is
especially busy analyzing feed samples for
elements such as nitrate or prussic acid
which can poison livestock.
Nitrates in forages do not in themselves
cause poisoning but they are converted to
nitrites in the rumen or paunch of cattle and
sheep. Nitrates reduce the oxygen carrying
capacity of the blood. When the blood can no
longer supply tissue with oxygen the animal
actually suffers from a type of asphyxiation.
The presence of nitrate and prussic acid
can be checked with a minimum amount of
laboratory time, for a $1.50' charge. If the
sample owner wants to know how much
nitrate or prussic acid is actually present, the
procedure takes a bit longer and the charge
is $4. The qualitative test is always run first ,
because if no nitrate or prussic acid is
present, there is no point in carrying out the
rest of the exercise.

Thiex says the number of samples
submitted for prussic acid continue to
diminish, which means that plant breeders
have apparently removed this danger from
most of the newer sorghum varieties.
About a third of the tests run through the
lab involve blood and animal tissue samples
brought over from the SD Animal Disease and
Research Diagnostic Laboratory at SDSU.
Frequently a test is requested because of a
suspected poisoning problem.
Although such tests are not common, the
lab can detect the presence of selenium,
arsenic, mercury, lead, copper, and
strychnine. There is a $10 charge for
handling this type of request.
Lab is certified by EPA to check
for pesticides in drinking water
A special section of the laboratory is
devoted to pesticide residue work. This is
under the direction of Dr. David Hilderbrand.
This laboratory is certified by the
Environmental Protection Agency to cafry out
pesticide residue checks on drinking water.
Cities that depend on surface water supplies
must submit samples regularly.
About half of all samples processed,
however, are submitted by private citizens
from around the state, with the rest coming
from the Animal Disease and Diagnostic
Laboratory.
Many private water samples are submitted
by people who think their drinking water has
been accidently contaminated for one reason
or another. Other requests concern field and
garden crops where the owner fears there
has been insecticide or herbicide drift.
The charge for running this type of test is
$30. The reason for the higher charges is that
sophisticated equipment such as a gas
chromatograph is needed to diagnose
insecticide residue problems. Normal
turnaround time for getting a feed or water
sample checked is 3 working days.
"This has not been a 'typical' working year
for the laboratory," says Dr. Hilderbrand.
Following the discovery of accidental
contamination of a commercial bone meal
source in another state by PCB
(polychlorinated biphenyl), an insulating and
cooling liquid used in electrical transformers,
a number of companies wanted to make
certain that their products were not affected.
As of November 1 the SDSU lab had
received 179 feed samples with the request
for a PCB test. Fortunately, only samples
known to be contaminated actually showed
residues. Those only suspected were clear.
As with other pesticide tests the checks
serve a dual purpose. Not only do they
15

Lab technicians throw out most of the sample you
send them for analysis, using only a fraction of It
for the actual tests. They have chosen a very
carefully mixed representative portion of your
sample, and their tests will accurately reflect that
sample. You must make sure the material you send
them also reflects the entire bin, or haystack, or
whatever, and that It Is delivered promptly to the
lab so It doesn 't deteriorate in transit.

uncover pesticide residue problems in birds
and animals, but they often show that no
residue problem exists. This is extremely
important information, both for the public
and for the individual producer.
Between 800 and 1,200 tests are run each
year for state meat inspectors. Meat samples
are picked up on a random basis and
wherever an inspector suspects a violation of
federal limits. The meat products may be
checked for water content, fat content,
protein, nitrites, or they may be checked for
the amount of binder or extender used in the
manufacturing process. This is a non-meat
ingredient such as cereal or soy protein.
Checks are most often run on ground beef,
fresh sausage, cooked sausage, cured hams,
bacon, and pork products. Nitrate content or
poison residues are checked where a problem
is suspected.
The balance of the testing involves work
for various research projects at the
University. Normally between 650 and 1,500
samples processed each year relate to work
by the scientists.
16
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Nancy Thlex heads the analytical services unit. The lab Is
called In on poisonings, pesticides, and other cases where

Reliability of test results depends
on uniformity of sample collection
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Hay and silage are the most common types
of feed analyzed. The sample is dried and
ground up finely, and one or two grams of the
material is weighed out for the analysis.
The sample received is all important. If it
does not represent the entire feed supply that
is being fed, the results can be misleading, of
course. Those who take samples for testing
are urged to take initial samples from various
parts of the silo, feed, field, or stack. These
must be mixed together thoroughly by the
individual taking the farm feed sample before
the final portion is removed for the
laboratory use.
"The most common problem with people
submitting samples is that they do not specify
what tests they really want," says Ms. Thiex.
Often a feed sample is sent to SDSU with a
student or someone else who forgets to bring
the sample to the lab right away. If weather
has been warm, a wet sample will often be
moldy by the time the laboratory receives it.
Once the sample is received a card is filled
out which accompanies it through the
laboratory. Essential information from the
card is then entered on the final report which
is mailed to the owner of the samples. One
copy of the report on feed analysis will go to
the home county agent. Another stays in the
biochemistry office. If certain kinds of

contamination Is suspected. Most tests are for farmers who
want livestock feeds analyzed.

problems show up in a geographic area they
may signal a developing area-wide or
statewide problem .
Ms. Thiex says that if the sample is taken
correctly, laboratory personnel need only
small amounts of material to conduct the
actual analysis. For example, only a pint of
grain or mixed grain is needed if the sample
has been taken from several locations in the
bin. A dozen representative ears of corn is
adequate, or about a pint of shelled corn.
About a peck of hay is needed, and the
samples should be taken from the center of
several bales if possible. Leaves are
important, but don't send more than what
belongs to the sample, she cautions.
A gallon of silage sent in an airtight
container is sufficient. If you intend to submit
green forage, samples should be taken from
several places in the field and a chopped up
sample of the same size ~hould suffice.
Allow at least 2 weeks if you send material
in during the fall and winter when the
demand for information is heavy. Some tests
may take longer. Ms. Thiex suggests that
individuals who need help understanding the
information they receive from the lab should
check their local county Extension office for
D
help.
The writer is John Pates. agricultural editor, Ag
Information Office.
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Enzyme inquiries
"Growing your own" enzyme may be
cheapest and mo$t dependable way
to turn crop wastes into alcohol
Ethyl alcohol can actually be made from
four classes of raw materials: (1) saccharine
materials (containing sugar) such as .
molasses, sugar beets, sorgo, sugar cane,
fruits, etc.; (2) starchy materials from cereal
grains, potatoes, etc. ; (3) hydrocarbon gases
such as ethylene and acetylene found in
natural gas, waste gas, etc; and (4)
cellulosic materials which include wood, crop
waste, by-products of the paper industry, and
many other products included in agriculture
biomass.
Research at SDSU involves two of these
classes: starch and cellulosic materials.

Stills have upstaged cellulosic project,
but it could prove better in long run

The process of removing alcohol from
starchy material is easier and is the common
one used in whiskey stills. However, the
research still design is more complicated.
Because of the early interest in this type of
distillation for alcohol fuels by South
Dakotans, Dr. Paul Middaugh, professor of
microbiology, and his associates in the
alcohol fuels program constructed a twocolumn demonstration plant about a year ago
that continues to turn field crops into alcohol.
Even though this process is getting the most
attention from the public, it was not the first
projec£atsnsu. The first, ·and the one -that
could be even more important to the alcohol
fuels industry in the long run, concerns work .
with cellulose or crop by-products such as
straw, stover, and even newspapers.
The enzyme used to extract sugar from the
starch in corn and potatoes is cheap and
readily available, for example.
18

Cellulose has the same formula as starch,
but because of a special glucose linkage in its
chemical makeup, it is much harder to break
down into sugar. The most common process
for extracting glucose from cellulosic
materials is to grind it up into very fine
particles and bathe this material with hot
sulfuric acid. Another method involves the
use of certain enzymes to release the glucose.
This method is much slower.
The hot acid bath is both dangerous to
operators and extremely corrosive to
equipment. Since the focus of the research
program at SDSU was to search for practical
methods for glucose extraction that might be
adapted to farm use, the scientists
concentrated on the enzyme.
The enzyme that holds the most promise is
a mutant strain of one that WWII troops got
acquainted with in the tropics. It was one
that caused jungle rot.
.
Even though U.S. government laboratories
at Nati ck, Mass. discovered a way to cut the
cost- of this enzyme sub~ta-ntially, it is still
very expensive. The cost of enzyme
production must be reduced much further
before this method for extracting glucose
from cellulose becomes economically feasible.
One possible way to cut costs would be for
the small producer to grow the enzyme
himself. He might get a starter supply, much
the same as the yeast starter used to make
sourdough bread in the early days, and
simply keep it alive and active.
Batch.:......a one-shot approach-is
converted into a continuous process

Right now the scientists are working on a
batch process. Their aim is to transfer the

•

•

knowledge learned from batch operation to a
continuous process for making the enzyme.
Researchers wanted to use equipment that
might be available to a sm~ll operator, so
they began with stainless steeJ equipment
suth as the tanks and plumbing used in a
dairy operation. Middaugh and Paul Whalen,
his research assistant, feel that they have
made significant progress.
For example, they have determined that the
enzyme can indeed be raised under farm
conditions and at room temperatures. They
have matched the results produced in more
sophisticated laboratory facilities.
Problems that had to be overcome included
balancing fermentation through the use of
trace elements to allow the use of tap water
rather than distilled water in the process.
T}le open tanks encouraged contamination
from bacteria parasitizing molds.
These problems have now been overcome
through modification of the processing
procedure.
The enzyme is grown on a purified spruce
wood sawdust. A nitrogen source is added
during fermentation. Detergents cause the
enzyme to go into solution so it can be
removed in liquid form.
The most expensive ingredient in the
enzyme recipe is the protein source.
Researchers began with a purified form of
protein and have determined that they can
use a much cheaper product which will cut
the cost of enzyme production substantially.
They now know the shortcomings in the
process. For example, they know that they

have to improve equipment and use a better
grade inoculant to speed up fermentation. But
the 7-day process could be reduced to 4.
The most important thing is that the inputs
~nd steps of the hatch process have been
identified. "We should now be able to apply
this knowledge to a process for making the
enzyme!'' Whalen said.
When breakthrough comes, we could have
a dependable source for fuel alcohol

The key to unlocking the cellulose-glucose ,
linkage more cheaply may be just around the
corner or it could be years away.
One thing is certain. If the search for a low
cost way to break this linkage is successful it
will be a significant breakthrough toward the
goal of converting a_!l_yt~ing from C!:OP residue
and certain types of garbage to alcohol fuel
production.
Why the interest in this type of research
when it appears that retrieving alcohol from
corn and potatoes is and will continue to be
much cheaper?
First,the day may come when corn, .
potatoes, and similar crops will have to be
used for human food. Second, crop yields do
fluctuate; and a surplus situation one year
may become a shortage the next. Sustained
alcohol production will have to depend on a
consistent supply of raw material. Finding
cheaper ways of turning cellulosic material
into alcohol will be an important factor. D
The writer is John Pates, agricultural editor, Ag
information Office.
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Director's comments
We're selling ourselves short. Farming or
ranching Isn't all there Is to agriculture. This
narrow definition of agriculture has brought
some cuts In non-production areas we as a
state can Ill afford to make.

Plugged plastic
When you dig out your plastic pipes that were
never supposed to plug , call this man. He
can't help you now, but he's gathering pipes
packed with manganese and Iron for research
that might keep plugs from happening In the
future.

Sensing A-value in walls
R stands for resistance, and the resistance of
walls to heat loss has always been a mystery
to us, unless we knocked holes to discover
what kind and how much Insulation there Is.
A new device tells us A-value of solid walls.
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Update: alcohol fuels
The bottom line Is money. On-farm alcohol
production must give out more energy than It
consumes; It must pay off. Economists are
working closely with our engineers and
biologists.

Counterattack on Hessians
Hessian flies are still around and they're still
dangerous. The best weapons are resistant
spring wheats, and, at the rate our people are
working, varieties may be ready by 1983.

Analytical services
Feedstuffs mostly , but also welners,
sausage, water, come Into this lab for
analysis. The lab can find poisons and
pesticides In foods If they 're there, can help
farmers formulate economical feeding rations. Read how lab can help you.

No overnight answers
Foods research Isn't flashy; sometimes we
can't turn It Into good diets and healthy
bodies for years . Th is story shows us how
carefully our nutritionists work; It leads us to
put trust In their results when they are announced .
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Enzyme inquiries
Corn , potatoes, and slmllar crops might better be used for food . An alternative source of
alcohol Is celluloslc waste-crop residue, In·
dustry by-products. Part of SDSU research Is
focusing on this area.
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